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で本研究所の欧文紀要であった iBerichtedes Ohara 
Instituts fur Landwirtschaftliche Biologie. Okayama 
U niversity Jと和文紀要であった「農学研究Jを併合し、
誌名を「岡山大学資源生物科学研究所報告J(英文名














In accordance with the reorganization of the "Research 
Institute for Agricuitural Biology" to the "Research 
Institute for Bioresources (RIB)" in 1989. the two 
Institute's bulJetins for original papers. "Berichte des 
Ohara Instituts fur Landwirtschaftliche Biologie. 
Okayama University" in European languages and 
"Nogaku Kenkyu" in ]apanese were combined into a 
bullE!tin. "Bulletin of Research Institute for 
Bioresources. Okayama University". Six volumes of the 
new buJletin have been issued since 1991. 
In recent years. however. the members of the staff 
have been conscious of the importance of publishing 
their original papers in qualified international journals. 
In consequence. the number of contributions to the 
bulletin has been decreasing in the recent issues. 
Confronted with such a problem. we have been dis-
cussing whether the publication should be discontin-
ued. or how the style of the bulletin could be changed. 
On the other hand. we have published three issues 
of the "Annual Report of Research Institute for 
Bioresources. Okayama University" since 1993. The 
first Annual Report was edited as a self-evaluation 

















besides but the research activities. The contents of 
the second and the third issues followed the first 
isue. but self-evaluation reports have been indepen-
dently edited. and the contents of the Annual Reports 
should be changed to be more attractive. 
As a medium for provinding information of our sci-
entific achievements to the public. publication of annu-
al report is necessary. We have thus decided to com-
bine the annual report and the bulletin to incJude 
reports of recent research activities. review articJes. 
monographs etc. besides original papers. and renamed 
the publication. "Report of Research Institute for 
Bioresources. Okayama University". 
This issue forcus the research activities of every 
laboratory of this Institute in the last three years. We 
hope that this report wil increase your understanding 
of the significance of our research activities. 























The Institute was founded in 1914 as the "Oohara 
Institute for Agricultural Research" by Magosaburo 
Oohara， a leading citizen of Kurashiki City， with the 
purpose of advancing agricultural sciences， 
After the Second World War， the Institute became 
affiliated to the School of Agricultural Science of 
Okayama University founded in 1951， and became 
the"Institute for Agricultural Biology"under the direct 
supervision of the University in 1953. InitiaJly five 
research divisions were organized; Plant Pathology， 
Biochemistry， Applied Entomology， Plant Physiology 
and Plant Genetics. Later new divisions were added. 
Micrometeorology in 1960. Biological Water QuaJity in 
1966 (the name of this division was changed to Water 
Quality in 1975). Weed Science in 1970 and the Barley 
Germplasm Center in 1979. 
The Institute has carried out research on biore-
sources from the wide viewpoints for 70 years. The 
English name of the Institute was oficialy changed to 
the "Institute for Agricultural and Biological Sciences. 
Okayama University" in 1970. 
In order to meet the new scientific and social 




















The Research Institute for Bioresources. Okayama 
University" in 1988. The new Institute was composed 
of three divisions including nine laboratories. a division 
for a Foreign Visiting Professor and the Barley 
Germplasm Center. The last division and the center 
were unified to establish the Barley and Wild Plant 
Resource Center in 1997. 
The Institute contributes to the education of stu-
dents in the Graduate School of Agriculture 
(Master's Degree Course) and the Graduate School of 
Natural Science and Technology (Doctor's Degree 
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研究活動 (ResearchActivity) 

















































Electron micrograph of a chroloplast in a rosette leaf of 
Arabidopsis. 
4. G F Pを用いたオルガネラの可視化
シロイヌナズナFIATPaseのサプユニットをコードす
る遺伝子に由来する、ミトコンドリア局在化シグナル









Gr号制 fluorescentprotein (GFP).introduced transgenic 
Arattidopsis. The cotyledons of the transgenic plant emits 
green fluorescence as shown in the lower photograph. 
5. シロイヌナズナからクローニングされた新遺伝子
構造的にキンギヨソウのセントロラジアリス(cen)に






















In situ hybridiza甘onfigure of an expressing gene in a flo-
rescence of Arabidopsis. The specimen was prspared using 
Technovit resin. The gene expression is visualized by red 
fluorescence. 















Morphological alteration of inflorescence caused by ectopic 












































Laboratoη0/ Mo/ecu/ar Genetics 
Laboratory of Molecular Genetics aims at elucidating 
the structure and function of chromosomes and genes 
in plants. During the recent three years. there has 
been some progress in studies on the centromere 
structure of chromosomes and on the genetic interac-
tion between nuclear and organellar genes in 
Arabidopsis thaliana. In addition. a few novel genes 
cloned from A. thaliana and their tissue specific 
expression were characterized. Mapping studies of 
the tomato mosaic virus resistance gene Tm-2 with 
random amplified polymorphic DNA (RAPD) or 
sequence characterized amplified region (SCAR) 
markers in tomato have been almost completed. 
(1) Molecular analysis of centromere structure and 
function in Arabidopsis thaliana 
Previously. we succeeded in di妊erentiatingal the 
Arabidopsis chromosomes from one another by an 
improved multi-color fluorescen{;e in situ hybridization 
techoiq ue with cosmid clones (5) . 
Centromeric regions of al chromosomes in A. 
thali4na are occupied by tandem repeat sequences 
called the 180-bp or pAL1 family. The organization of 
this iamily is similar to that of human α-satellite. We 
found that the DNA sequences of the 18G-bp repeat 
units are highly conserved. and have a site similar to 
human CENP-B DNA binding motif(21). This sug-
gests that this 180・bpfamily plays an important role in 
Arabidopsis centromere organization and function. 
We have been screening for Arabidopsis homologues 
ω出eCENP-B gene. 
(2) Molecular structure of a minichromosome in 
Arabidopsis thaliana 
Avぽysmall chromosome was found in the progeny 
of a telotrisomic plant (Tr1A) of A. thaliana. 
Fluofescence in situ hybridization (FISH) studies 
revealed that this chromosome had been derived from 
a short arm of chromosome 4 (4S). and carries only a 
limited part of the 180・bpcluster in the centromeric 
regi肌 Analysesby pulsed field gel electrophoresis 
and Southern blot hybridization revealed that the size 
of the telocentric chromosome 4S is about 6 Mb. and 
the 18G-bp cluster in the centromeric region is 40・60
kb in length. This suggests that a quite short cluster 
of the repeats are functional as a centromere in A. 
thaliana. compared with those in other higher eukary・
otes. 
(3) Nuclear genes controlling organellar function in 
higher plants 
The function of chloroplasts and mitochondria is large-
Iy dependent upon the expression of nUclear genes. 
although they possess their own transcr句tion/transla・
tion machinery. We have isolated AtOXAl and 
AtABCl genes from Arabidopsis involved in the 
assembly of respiratory complex formation (3. 9. 10. 
16). and functional analysis of these genes is under-
way. 
(4) Visualizing mitochondria in transgenic plants 
A chimeric gene construct has been made from a 
mitochondrial targeting sequence derived from the 
delta subunit of Arabidopsis F1A TPase and a green 
fluorescent protein (GFP). The chimeric GFP protein 
has been shown to be targeted to mitochondria in 
transgenic plants. Characterization of mitochondria in 
these plants will now make it possible to observe 
"dynamics of mitochondria" in living cels. We are cur-
rently examining how they l∞k. move. and alter their 
shape in response to environmental stresses. 
(5) Novel genes isolated in Arabidopsis thaliana 
A gene structurally more resembling centroradialis 
(cen) gene of Antirrhinum majus than Terminal 
Flower 1 (TFLl) of A. thaliana (6) was isolated 
from A. thaliana. and was given a name A TC 
(Arabidopsis thaliana centroradialis). Unlike TFLl in 
A. thaliana and cen in A. majus. however. A TC does 
not control the identity of the apical meristem of infl。
rescence. We are looking for atc mutants to analyze 
the function of出isgene. 
Another novel gene we isolated encodes a mirosi-
nase-binding protein (MBP). but expressed preferen-
tialy in the flower of A. thaliana where other MBP 
genes are not expressed. The new gene was named f-
AtMBP. The f-AtMBP does not respond to wounding 
or application of certain signal molecules by which 
other MBP genes are usually inducible. suggesting this 
gene is a novel type specific to floral organs. 
In order ωanalyze the tissue-specific expression of 
newly Isolated genes In detail. We established an in 
situ hybridization technique using Technovit resin (2). 
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(6) Termina1 flower l-like genes in Brassica species 
Terminal Flower 1 (TFL1)・likegenes were cloned by 
PCR from the genomic DNAs of Brassica napus 
(genomic construction: AACC). B. rapa (AA) and B. 
oleracea (CC) using primers designed based on cer-
tain domains in the TFL1 sequence. Three TFLl-like 
sequences were found in B. napus. two in B. rapa and 
two in B. oleracea. From the detailed analysis. it was 
known that one of the three B. napus sequences is 
more similar to TFL1-like sequences in B. rapa (AA) 
than those in B. oleracea (CC). while two are struc-
turally more close to those in B. oleracea (CC). sug-
gesting that the TFL1・likesequences in B. napus have 
differently originated from its two ancestoral species. 
B. rapa and B. oleracea. 
(7) Molecular analysis of transposons in tomato To 
search for new active transposable elements in tomato. 
we isolated new transposon-like elements of Lytl fami-
ly. Among them. Lyt2-2 has an ORF encoding a pro-
tein which shows sequence similarity to MURA trans-
posase. encoded by maize autonomous element MuDR. 
Lyt2-2 also has an insertion of another transposon-like 
element. T APIR. 
(8) DNA markers nearest the 1'，貯210cusin tomato 
The gene Tm-2 is derived from Lycopersicon peru-
vianum. and is located in the het町田hromaticregion 
near the centromere of chromosome 9 of tomato. Six 
of the previously identified ten RAPD markers have 
not segregated from Tm-2 and from each other in an 
F2 population from a hybrid between nearおogenic
lines GCR26 (+1+) and GCR236 (Tm-2ITm-2). but 
out of them. only three markers. N131000. E16900 
andG09700. were detected also in the tomato lines 
GCR267. TMJ54-28 and Perou 2 which have Tm会like
genes alelic to Tm-2. suggesting that these three 
markers are more close to the Tm-21ocus than others. 
By the method previously described (1). these three 
RAPD markers were converted into SCAR markers 
which show more distinct bands than those of the 
RAPD markers (2). 
(9) Molecular genetic analysis of the midget chromo-
some from rye 
Occurrence of the midget chromosome in a common 
wheat with rye cytoplasm indicates that the chromo-
some carries the gene (s) essential for maintaining the 
8 
function of rye cytoplasm. To elucidate the interaction 
between the midget chromosome and rye cytoplasm. 
the midget chromosomes were microdissected with a 
UV-laser. and the DNA was amplified by using degen-
erate oligonucleotide-primed (DOP) PCR. Clones from 
the amplified DNA contained various kinds of 
sequences. some of which were homologous to those of 
EST clones in wheat. maize and rice. 
Prospect 
Studies on the structure and function of centromeres 
of plant chromosomes have been much delayed com-
pared with those of Saccharomyces cereviciae and 
human chromosomes. Our joint research with a group 
at the John Innes Centre have demonstrated that the 
structure of the A. thaJiana cenromeres resembles that 
of the centromeres of the human chromosomes. The 
very small chromosome that we found in A. thaJiana 
may be a useful materiaJ for future studies. 
As shown about TFL1-Jike sequences in Brassica 
species. most危ldingsin molecular genetic research in 
A. tha1iana may be directly useful for molecular genet-
ic approaches in important plant bioresources. In this 
viewpoint. we wil continue to study the structure and 
function of various Arabidopsis genes in the nucJeus 
and organella. and to make use of the results for 
advancement of molecular genetics of important crop 
specles. 
形質発現分野
World Distribution of Acid Soils 世界における酸性土犠の分布World distribution of acid soils 
強叶赤色を示す酸性土壊。酸性に強いコーヒーが栽培されて
い制。ケニア国ナイロピ郊外。
Acie soil showing strong red color in suburban area in 






























Staining of Al in the r∞t of Al tolerant (Atlas) and sensi-
tive (Scout) wheat roots treated with different concentra-
tion of AICiJ. 
れており、極めて合目的々な耐性機構と考えられた。ト












ChemicaJ structure of caffeoylputrescine accumulated in Al 



























Apoptosis-like cel death caused by Al in cultured tobacco 
cels. Al enhances iron-mediated peroxidation of lipids 
which causes cel death. Cell death process (left) includes 







































Al sensitivity of the yeast transformants. 
Log-phase cels grown on LPM mediumu conttaining 2% 
glucose at 30t were diluted to 115. 1125. 11125. 11625 and 
ν3125 and spottted on LPM agarose (196) plat凶 (pH4.0) 
containing various concentrations of Al and either 2% 
galactose or glucose. These plates were incubated at 30t 
for 3 to 4 d.Since the tested genes were place downstream 
of the GAL 1 promoter of pYES3. mRNA level of each gene 
was higher when cels were grown in galactose than in glu-
cose. Al resistant phenotype of these two transformants 















Laboratoη01 CeO Genetics 
The laboratory of cell genetics has pursued the 
rese!irch on aluminium (Al) stress continuously and 
successfully. Al stress is one of the major stresses in 
acid soil and inhibits the elongation of r∞ts. Based on 
the vast knowledge obtained in our laboratory， we 
pub4shed experimental results in 33 reports in inter-
national journals including Nature in the past 3 years. 
Bas日don these fruits， our project regarding plant 
response to Al stress has been supported by a big sci-
entiflc 5・yeargrant Program for Promotion of Basic 
Res母archActivities for Innovetive Bioresources 
(PROBRAIN) from the Ministry of Agriculture， 
Forestry and Fisheries. The grant supports the per-
sonal expenses of 5 postdoctorals as well as research 
expenses and we expect the further advancement for 
the solution of Al stress in acid回il.
In the following， the results of our research are sum-
marized. 
1. The mechanism of Al tolerance 
Buckwheat which can grow in acid soil excluded oxal-
ic acid immediately after subjected to Al stress. The 
amount of excluded oxalic acid increased with the 
increasing concentration of Al， but the treatment with 
lanthanum and phosphate deficiency were not efec-
tive on the exclusion. The location of the root where 
oxalic acid excluded was 0・10凹 fromthe root-tip 
which corresponded to the same portion of the root 
injured by Al and its accumulation. Thus the location 
of Al exclusion could be very reasonable from the 
point of view of tolerance. When Al alone or with 
oxalic acid at a molar ratio of 1 : 1，  : 2 and1 : 3 was 
given to corn r∞ts， inhibition of root elongation by Al 
was not observed with Al : oxalate at 1 : 2 or 1 : 3.In 
the leaves of buckwheat subjected to A1. a large 
amount of Al existed as the complex with an oxalic 
acid at a molecular ratio of 1 : 3. These results indi-
cated that buckwheat has a skilled strategy for Al tol-
erance by making a chelate complex with Al and 
oxalate in both the rhizosphere and cel， thereby the 
toxicity of AP+ is extremely reduced (Ref.，l8， 19， 30， 
35). 
2. A mechanism of Al toxicity 
Mechanisms of Al cytotoxicitt have been investigated 
in cultured tobacco cels. Al ethanced the iron (Fe2+， 
Fe3+) -mediated peroxidation of lipids which directly 
caused cel death. The cel death process required 
extracellular ca1cium ion and endogenous protease， 
and causedipternucleosom叫 DNAbreakage，剖ggert-
ing apoptosis:like cel death process. An Al tolerant 
cel line isolated from tobacco cels seemed to acquire 
a tolerance mechanism specific for the peroxidation of 
lipids. This cel line accumulated an antioxidant mole-
cule against the peroxidation of lipids， which was iden-
tified as caffeoyl putrescine (10， 1，27，33，53). 
3. Molecular genetical analyses of Al-induced genes 
The NtGDI1. HSP150 and SED1 genes were newly is。
lated from tobacco culture cels and yeast cels as Al-
induced genes. From the experiment using the 
HSPl50 null mutant of yeast， itis suggested that this 
gene functions for Al resistance in yeast. To deter-
mine whether the Al-induced genes derived from 
plants (1 genes) act as Al-tolerant genes or not in 
yeast， al of these genes were indepently introduced to 
yeast cels. Al sensitivity test of these constructs indi-
cated that over-expressed AtBCB or NtGDI1 genes 
can confer Al tolerance to yeast cels， suggesting the 
possibility that these two genes are resistant genes in 
plants. We are now constructing Arabidopsis trans-
formants carrying the AtBCB， NtGDI1 gene or other 
seven of Al-induced genes. These 9 transformants wil 
show which genes are Al-resistant genes in plants (26， 
36). 
Future scopes 
Our final goal is to promote the plant productivity in 
acid soil. In order to elucidate the molecular mecha-
nisms of Al toxicity， we wil use both cultured plant 
cels and whole plants and analyze the symptoms and 
the molecules related to Al cytotoxicity. 
At the same time， we need further information on the 
physiological and molecular biological mechanism of Al 
tolerance under a condition close to natural environ-
ment as much as possible， and we would like to pr。
duce the transgenic plants which can properly express 
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(High shoot regeneration in immature embyonic cali of 







































In tl'(is laboratory we are using mainly wheat and rice 
as t~e research materials in relation to plant breeding. 
One of the latest problems in wheat production is low 
quallty of wheat seeds. Unstable weather in the 
whe~t production area of ]apan for the recent 10 
year~・ especially frequent rain fals， shortage of sun-
shin骨bycontinuous cloudy weather， and low tempera-
ture during seed development， induced 'Pre・Harvest
Sproドting'and production of seeds with high a -amy-
lase activity that resulted in the production of low 
quallty wheat. One of our studies focused on the 
mecbanism of seed germination and dormancy. In 
rice， hybrid sterility between ]aponica and Indica rices 
hasドeenone of the major obstacles for transferring 
go04 agronomic characteristics of Indica rice to 
]apotica rice. We are now studying the mechanism of 
hybrid sterility and genetic diversity of the Oryza 
grout. 
1. Se~d dormancy of wheat seeds 
Ab叫isicacid (ABA)， plant hormone， has been indicat-
ed t~ be involved in the development of seed dorman-
cy. Recently， many papers on seed dormancy have 
been published and several genes related to seed dor-
mancy and responsive to ABA have been isolated in 
Ara&idopsis， maize and so on. We have reviewed the 
re印刷 findingson the mechanism of seed dormancy 
espet;ialy from the view point of ABA signal transduc-
tion (l). Seed dormancy is a任ectedby environmental 
con~tions ， especially weather condition during seed 
dev~opme此 Analysis of weather during seed devel-
opment indicated that high humidity and low tempera-
ture during middle-seed development hampered the 
devti[opment of dormancy (14， 15). High water con-
tent of seeds appears to prevent ABA synthesis that 
is induced by drying seeds. To elucidate the relation-
ship between dormancy and ABA. we produced non-
dorn!lant mutants of wheat and measured the ABA 
level in the embryos and embryo sensitivity to ABA 
duri仰 seeddevelopment， which has been known to 
be a key factor in the mechanism of dormancy. This 
study showed that the ABA level during the middle-
stag~ of seed development decreased and embryo sen-
sitiv~ty to ABA was reduced in the mutant lines (4). 
Dev~lopment of embryo sensitivity to ABA might be 
related to ABA synthesis during early-middle stage of 
seec:L development. Unfavorable weather condition 
durillg seed development induced germination of pre・
mature seeds that is different from pre-harvest sprout-
ing induced by frequent rain fals at harvesting time. 
ABA level of developing embryos incubated in water 
showed that embryos in the middle-stage of seed 
development leaked more ABA than embryos at any 
other development stages (17). One of the factors 
that induces premature germination probably is due to 
ABA leakage from embryos. 
2. Mapping ISSR and RAPD markers in Einkorn 
wheat The potential of PCR・basedmarkers was inves-
tigated for construction of a genetic linkage map in 
Einkorn wheat. In 66 F2 population between T. mono-
coccum and T. boeoticum ， we obtained 49 polymor-
phic bands produced by 33 primers for inter-simple 
sequence repeat (ISSR) and 36 polymorphic bands by 
25 combinations of random amplified polymorphic 
DNA (RAPD) primers. Some of these markers were 
mapped on the RFLP linkage map of Einkorn. The 
marker orders of Einkorn wheat and common wheat 
coincided except chromosome 4A in which multiple 
translocations occurred in evolution (6). 
3. Studies on hybrid sterility in rice 
F1 hybrid sterility between Silewah (an Indonesian 
native variety) and Hayakogane (a ]apanese variety 
adapted to the northern island， Hokkaido) was ana-
lyzed Hybrid sterility was controlled by three com-
plementary dominant genes. One of the three genes 
was carried by Silewah and the others were by 
Hayakogane. Two genes of Hayakogane appeared to 
be derived from a variety， Aikoku， based on crossing 
experiments between Silewah and progenitors of 
Hayakogane (5). In studies of hybrid sterility 
between Gamadi (a Nepalese variety) and Yukihikari 
(a variety adapted to Hokkaido)， many progenitors of 
Yukihikari were crossed with Gamadi. Most of the 
FlS between Gamadi and varieties bred in Hokkaido 
were extremely sterile， while FlS between Gamadi and 
varieties bred in districts except Hokkaido showed 
moderate sterility. Sterility gene(s) of Yukihikari 
might be linked with the characteristics adaptive for 
northern climate of ]apan (11). 
4. Cytological relationships among Eumelilotus species 
in the genus Melilotus 
Interspecific hybrids between M. altissima and the 
other species belonged to the subgenus Eumelilotus of 
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the genus MeJilotus were produced by in vitro culture. 
Chromosome pairing at meiosis of the FJs showed that 
there was one translocation between M. a1tissima and 
M. a1ba . while no translocation was observed between 
M. altissima and M. taurica The results suggest that 
M. aJba differs from the other EumeliJotus species by a 
reciprocal translocation (7). 
5. Studies on characteristics of O. Jongistaminata . a 
wild species of rice 
Rhizomes of 0: Jongistaminata is one of the character-
istics of wild species of rice and can be utilized in rice 
breeding. Analysis of F2 segregation between CI05204 
(an IRRI's accession of O. Jongistaminata) and a rice 
cultivar showed that rhizomatous trait was controlled 
by a dominant gene on chromosome 4 (9). Genomic 
DNA structures of the catalase gene were studied in 
six plant species. Consecutive duplication of the pri-
mordial gene and the differential loss of introns 
配 curredin the evolution of monocot plants. In rice. 
Cat A gene had an entirely new intron which was not 
found in any other plants. There were three types of 
introns in 0. Jongistaminata accessions which might 
have originated by insertion of a retroposon (8). 
6. Genetic regulation of mutabi1ty in rice 
lon beams of carbon and helium are used for induction 
of mutations. A mutation was evaluated in the chloro-
phyll mutant line (yl) that was derived from a cross 
of distantly related rice varieties and had a potential 
for variegation in leaves. No somatic mutations were 
observed in the MJ populations (10). A t present. 
mutations by other ion beams are being studied. 
Genetic analysis of variegated albino mutant (al-v) 
which was derived from a cross between the chlor。
phyll mutant (yl) and a marker line was conducted. 
The albino gene was found to be linked with the 
liguleless gene (Jg) on chromosome 4 (12). 
7. Genetic transformation in callus derived from barley 
immature embryos 
We cultured immature embryos of more than 180 bar-
ley lines and found a barley variety 'Lenins' of which 
embryos had an extremely high shoot regeneration 
ability. Using a particle bombardment technique and 
DNA with actin promoter-GUS construction. we could 
produce efficiently plants with genetic transformation 
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(2). Recently. we are developing a transformation 
technique mediated by Agrobacterium in cali from 
immature embryos of Lenins. So far. preliminary 
results suggest that the treatment with a high concen-
tration of sugar to Agrobacterium improve the efi-
ciency of transformation and regeneration of shoots 
from callus. 
8. Molecular biological analysis on flower-specific genes 
in Arabidopsis tha1iana 
Various genes concerning organogenesis and signal 
transduction were cloned in Arabidopsis thaliana and 
their functions have been analyzed. We cloned some 
cDNA clones of genes corresponding to mRNAs 
expressed preferentially in floral organs of A. tha1iana， 
which encode vegetative storage proteins (VSPs) and 
transmembrane proteins. by differential screening of a 
flower bud cDNA library (3). Two genes encoding to 
VSPs (Vspl and Vsp2) were organized in a tandem 
array with an interval of 6 kb on the L arm of chrom。
some 5 and the sequences were similar to each other 
(87% identity). The expression patterns of Vspl and 
Vsp2 were examined using transgenic A. thaJiana 
plants carrying a promoter from Vspl or Vsp2 fused 
to a bacterial s-glucuronidase (GUS) reporter gene. 
These results suggest that expression of Vspl and 
Vsp2 may be developmentally regulated and that they 
are wound-inducible genes (13). 
Prospect 
Less than 10% of the total wheat consumed in ]apan is 
produced in ]apan. and a large amount of high quality 
wheat is imported at low cost from foreign countries. 
This condition has set high obstacles in wheat produc-
tion in ]apan. The unfavorable weather conditions 
during seed development in the recent 10 years has 
further set back wheat production. Among the factors 
responsible for low wheat quality. seed germination 
and dormancy are critical for the low seed quality. At 
present. we cloned several genes related to dormancy 
and germination. In future. we would like to increase 
the number of genes cloned and analyze the contribu-
tion of these genes to germination and dormancy. 
Also. we are continuing studies on the mechanism of 
sterility between ]aponica and Indica rice and are 
searching for gene(s) responsible for hybrid sterility. 
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オオムギのアブラムシ抵抗性遺伝子座位















































(Thrips parasitoid CeranIsus menes ovipositing thrips larva) 
~・ PGRP .， __ immune reactions 
つ;:rア.
n柳田 一・J …reactions← 2・
細菌細胞壁のペプチドグリカンを認識するタンパク質PGRPと昆
虫の生体防御機構
PGRP (a protein which recognizes peptidoglycan， a compo-









When PGRPs bind peptidog!ycan(PG) in the haemolymph 
of silkworm， they trigger the activation of serine enzymes. 
As a result， prophenoloxidase (proPO) is activated into phe-
noloxidase (PO) by limmited proteolysis. The PO elicits 
defense reactions. The binding of PGRPs and PG or the 























Insects utilize information for their survival. and pro-
duce their own signals which influence other living 
organisms. In this laboratory the mechanisms of the 
signal production and its recognition and the mutual 
reaction between signal sender and receiver are being 
studied for the protection from the damage by insect 
pests. 
1. Barley resistance to cereal aphids 
Using four marker genotypes of F2 hybrids derived 
from crosses between aphid resistant and susceptible 
barley lines. we studied the effects of leaf color. epicu-
ticular wax and gramine indole alkaloid on aphid infes-
tation. In the F2 populations of OUL 117 (susceptible 
line. yellow warless type with lower content of 
gramine) x OUH 603 (resistant line. normal type with 
high content of gramine) . the aphid densities on the 
marker genotypes were low in the normal type and 
high in the yellow waxless type. The gramine content 
was low and did not differ significantly among the 
genotypes. These results showed that the genes con-
trolling color and wax types had additive effects on 
normal plant genotype resistance to aphids. but did 
not affect gramine content (13.14). 
A set of doubled-haploid(DH) barley lines derived 
from the cross between Harrington and TR306 was 
used to determine the quantitative trait loci (QTLs) 
controlling resistance to cereal aphids. Simple interval 
mapping and simplified composite interval mapping 
revealed that the principal QTL determining cereal 
aphid resistance is on the distal region of the short 
arm of chromosome 1. The QTL is linked with a 
heading-date QTL. This QTL accounted for 31% of the 
total variance of aphid density. A QTL on chromo-
some 5 was also detected only by simplified composite 
interval mapping. This QTL was not linked to the 
locus of a gene for synthesis of gramine. an indole 
alkaloid and known to be a resistant factor to cereal 
aphids (12. 15). 
2. Ice nuclei in larvae of the rice stem borer. Chilo sup-
pressaJis Walker 
Ice nucleus production of larvae of the rice stem borer. 
Chilo suppressaJis has been observed to be related to 
diapause and cold temperature exposure. To deter-
mine the effects of insect hormones the regulate larval 
diapause on ice nucleus production. non・diapausing
mature and overwintering (diapausing) larvae were 
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treated with juvenile hormone (JH) and ecdysone. 
When ]H-I was applied. the crystallization tempera-
ture of the muscle and epidermis rose in non-diapaus・
ing mature larvae. but not in overwintering larvae. 
which might have a high endogenous JH content. 
However. injection of 2O-hydroxyecdysone lowered the 
crystallization temperature in overwintering larvae. 
These results show that ice nuclei in the muscle and 
epidermis are activated by JH and inactivated by 
ecdysone (29) 
3. Rearing method for thrips and their natural enemies 
Western flower thrips. FrankJiniella occidentaJis. and 
melon thrips. Thrips palmi， were introduced to ]apan 
several years ago and have seriously damaged green-
house crops. It is important to develop a rearing sys-
tem of thrips for biological studies and screening pesti-
cides. Thrips larvae could be reared on pollen and 
honey solution offered through a thin membrane. 
With this method the complete life cycle of species 
such as F. inωnsa， F.occidentaJis， T. tabaci， T. hawai-
iensis and T. palmi could be studied. This rearing 
method could be applied for rearing thrips parasitoid. 
Ceranisus menes as well (18， 21). 
4. Mechanisms of Tospovirus transmission by Thrips 
Tomato spotted Wilt Virus is one of Tospovirus dis-
tributed in al over Japan with a wide spread of west-
ern flower thrips. F. occidentaJis. To realize manage-
ment strategies it wil be necessary to unravel the 
interactions between TSWV and thrips vectors. 
Sexual differences in the transmission and accumula-
tion of TSWV were investigated in adults of western 
flower thrips. Both TSWV transmission rates to petu-
nia leaf disks and the triple antibody sandwich 
enzyme-linked immunosorbent assay (T AS-ELISA) 
positive rates showed no significant difference 
between sexes. In ELISA positive thrips， however， 
males transmitted TSWV to leaf disks with a signifi噂
cantly higher efficiency than females. These results 
suggested that TSWV may have a higher propagation 
rate in females than in males， whereas the efficiency of 
the virus transmission by males may be greater than 
that by females if they become viruliferous adults 
(20) . 
5. Application and evaluation of natural enemies 
Mωt of the Hymenopterous parasitoids of thrips are 
solitary endoparasitoids of eggs or larvae. Thrips par-
asitoid species of these two groups wil be discussed 
and characterized by their taxonomy and distribution. 
their ecology. behavior and biology. This information 
is us~d to evaluate the potential role of thrips para-
sitoid，S for biocontr叫 relatedto the type of program 
and ~he type of thrips pest involved. To use natural 
enemies it wil be necessary to unravel the relation-
ship between the pest and their natural enemies. The 
development and reproduction of thrips parasitoid 
were studied on different host thrips and the foraging 
behatior was observedは7)
6. Pl1jrification of a peptidoglycan recognition protein 
from Ihemolymph of the silkworm 
A method was developed for obtaining a homogeneous 
silkw'Prm hemolymph protein (peptidoglycan recogni-
tion protein. PGRP) which has afinity for peptidogly・
can .nd the ability to trigger the proph悶e叩n叫1
t c悶as釘c司桐deu 卯 nits岱 binding tωo pe叩pμ凶ti凶d由og副ly抑canfor the 白針rs杭
time. The purified PGRP bound to peptidoglycan. 
whereas its binding to beta-l.3・glucanand chitin was 
not oetected. PGRP did not have any detectable 
lysozyme activity. and its amino acid composition and 
aminp-terminal sequence of 20 amino acid residues 
were shown to be different from those of silkworm 
lysoztyme (3). 
Pros酔cts
Studtes on the mechanisms of barley resistance to 
cere時1aphids and cold tolerance of insects including 
rice $tem borer wil be continued. We wil also study 
the interactions between insects and microorganisms. 
and the application and evaluation of natural enemies 
for Illsect pest control. Furthermore. to understand 
insedt overwintering strategies. we wil screen and 
analyze genes differently expressed between diapaus-






































Microscopic photograph of a leaf section stained by 
Toluidine Blue 0 of Sporobolus virginicus. which is able to 
grow at NaCl concentrations above 1 M. 5ince excess salt 
is excluded from the leaf surface many salt crystals are 







5a1t stress induced nuclear degradation. 
Micro-section of barley root meristem was stained with 
DAPI to visualize nuclei. 





































Two ways showing the inhibitory mechanism of proton-
pumting across tonoplast by chiling. 
(1)ClIi凶ngaffect to lipid molecJules which induced the sup-
pr叫 ionof pro伽 pumping.(2) Chiling affect proton pump 

























かび臭物質を産出するラン藻 Oscillatoria brevis 












Laboratory 01 Metabolic Regulation 
This laboratory carries out the studies on the metabol-
ic regulations related to environmental stress. growth 
and morphogenesis of plants. especially focusing on 
the level of biomembranes. 
1. Studies on the mechanisms of water and nutrient 
transport in roots of higher plants 
Although water transport in roots of higher plants has 
been well investigated. the detailed mechanisms have 
remained unclear. Our studies aim at uncovering the 
mechanisms related to nutrient transport and develop-
ment of root tissues. 
The rate of transroot osmosis of isolated barley root 
was first low but enhanced by two means. infiltration 
of r∞ts by pressUIセationand repetition of osmosis. 
Both effects acted additively. The increased radial 
hydraulic conductivity (Lpr) is in the same order of 
magnitude as the hydraulic conductivity of epidermal 
and cortical cels of barley roots obtained by Steudle 
and Jeschke (1983). A high sensitivity of Lpr to 
HgC12 was observed and suggests that water channels 
constitute the most conductive pathway for osmotic 
radial water movement in barley roots. 
Under the absence of the osmotic pressure difference 
a definite water transport from the tip to the base was 
observed. This non-osmotic flow was greatly 
enhanced by treatment of roots with a low tempera-
ture (4-5t). This non-osmotic flow was strongly 
inhibited by respiratory. water channel. and potassium 
channel inhibitors. 
2. Comparative Studies on salt-tolerance between 
halophyte and glycophyte 
Although no damage was observed in the r∞ts of a 
halophyte. Salicornia virginica L. G6P contents 
decreased. We examined the leakage of G6P from r∞t 
cels of barley and S. virginica. The leakage from bar-
ley roots increased by salinity stress. but the leakage 
from S. virginica roots was rather decreased by treat-
ment with a higher concentration of NaCL The results 
were not explained by the change of membrane per・
meability. 
3 . Molecular and physiological studies of barley under 
salt stress 
To maintaining the growth under salt stress. plants 
must retain their ability of water-uptake. Water per-
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meability through bio-membranes is regulated by 
water channels. We identified three genes for plasma-
membrane type water channels. One of them (bpw1) 
was highly expressed. especially in r∞ts. than others. 
Salt stress reduced the expression of them. 
As for salt-stress-induced apoptosis-like cel death. we 
demonstrated that cel death has some physiological 
role.出atis. degraded products during cel death was 
recycled for restart of growth after removal of salt 
stress. 
4. The role of tonoplast proton pump on chiling. 
The vacusle may be the primary cellular organelle 
which respond to chilling stress in higher plants. ATP-
generated proton pumping across tonoplast vesicles 
was markedly suppressed by chiling. resulting in the 
loss of homeostasis in cels. and finally induces cel 
death. Our experiments showed that the chilling-
induced decrease in proton-pumping across the ton。
plast is due to the decrease in the fluidity of the 
hydrophilic surface region of the lipid bilayer of the 
tonoplast. which is caused by the glycolipids like cere-
broside. 
5. Investigation of the mechanism of iron absorption 
and heavy-metal tolerance of musty-odor producing 
cyanobacteria 
One of the biggest of problems drinking water in the 
world is the occurrence of musty odor. which is 
caused by the presence of geosmin or 2・methylisobor-
neol (MIB). These secondary metabolites are pr。
duced by filamentous cyanobacteria such as Anabaena 
macrospora. Oscillatoria tenuis， Phormidium tenue and 
OsciJJatoria brevis. 
O. brevis showed an ability to utilize colloidal iron 
oxides for its growth. O. brevis was also capable of 
growing in the medium containing a microbial 
siderophore. desferrioxamine B (DESF). but the other 
three cyanobacteria did not grow. 
0. brevis grew well in the presence of an excess of 
highly stable chelating agents. 
We isolated a cadmium-binding protein from cels of 0. 
brevis exposed to cadrniurn and characterized this 
protein. This protein was found to have two isoforms 
which are low in molecular weight (about 5.500 Da 
determined by ESI-MS) and have systeine-rich amino 
acid sequence. This protein induced by exposure of O. 
brevi$ to cadmium was suggested to protect ceJls from 
the tαxic effects of heavy metals such as cadmium. 
Futur絶prospects
Recet1try， security of foodstuffs and environmental dis-
cruptfon are gathering interest with the increasein the 
global population. The studies on the mechanism of 
chiliq.g stress， salt and heavy metal tolerances are 
requited to solve these problems. With the develop-
ment and succession of thse studies， itpossible to 
make a harmonized agriculture system by increasing 
the food production under unusual environmental con・


















small yellow colonies: Sphin空omonas睦E型
large white ∞lonies : Rhizobiumsp. 
共生細菌系E-lによるPEG代謝機構






























Breakdown of starch granules by a -glucosidase 
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Cell growth of E.coli cels harboring putative phospholipid 
hydroperoxide glutathione peroxidase gene under salt 








A. Before burial test in soil 
ポリエチレンカプセルの微生物分解































B. After burial test in soil 
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Laboratoη0/ Biochemistry 
In this laboratory， various biochemical researches have 
been carried out with procaryotic and eucaryotic cels， 
as described below. Not only finding novel enzymes， 
but also their application to environi:nentally compati-
ble processes are also our important aims. Some 
enzymes have been well characterized and their genes 
have been cloned and expressed. These researches 
wil contribute to the understanding of life through the 
biochemistry and molecular biology of cels and to the 
welfare of human beings through bioprocesses， which 
do not burden the biosphere and cause no environ-
mental issues. Also we are aiming at cleaning of envi-
ronment by bioremediation techniques. 
1. Enzymatic transformation of bioactive compounds 
(1・5，13・15，17，26). 
We succeeded in enzymatic transglycosylation and 
phosphatidylation of several bioactive compounds， 
such as Vitamins Bl and &， antibiotics， aromatic alco-
hol， monoterpenoid alcohol. and ginseng. The chemical 
properties and physiological activities of these deriva-
tives were confirmed， toshow better stability and per-
formance. 
2. Biochemical and molecular biological studies onα-
glucosidases (6， 7， 9， 12， 18， 21， 22， 24， 27). 
a・Glucosidasesof Mucor javanicuss and spinach have 
been purified and characterized. The genes for both 
a -glucosidases were cJoned and sequenced. Although 
we purified several isoforms ofα-glucosidase from 
spinach， only one gene was responsible for them， 
showing that isoforms are formed by post-translational 
modification. 
a -Glucosidase of millet seeds was purified and char-
acterized. It seemed to play an important role in ger-
mination. because it increased at an early stage of ger-
mination and hydrolyzed soluble starch faster than 
maltose. 
3. Molecular cloning and characterization of a gene 
induced by oxidative stress 
Putative phosphoJipid hydroperoxide glutathione per-
oxidase genes were cloned and characterized from 
spinach and Arabidopsis tha1iana. The genes were 
expressed in plants and induced by oxidative s甘es.
showing that the genes are components of antioxidant 
systems in plants. 
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4. Microbial degradation of xenobiotic polymers(23. 29・
31). 
Among the three enzymes involved in the metaboJism 
of water-soluble polyethylene glycol(PEG)， we cloned 
and sequenced the PEG dehydrogenase gene. and 
expressed it in E. coli. The expressed enzyme was 
purified and characterized in detail. On the other 
hand. an ether bond-cleaving enzyme was purified and 
its amino acid sequence was analyzed for future 
cJoning. These studies wil lead to the clarification of 
operons and regulatory sequence of these genes. The 
characterization of the outer membrane of PEG-utiliz-
ing Sphingomonas species suggested that they work 
as a permeability barrier for xenobiotic polymers. 
The photodegradation mechanism of polyolefins has 
previously been characterized in detail. We examined 
the biodegradability of polyethylene(PE)wax with PE 
wax-utilizing bacteria. and found faster degradation of 
PE with a molecular weight lower than 2.000. The 
photodegradation and biodegradation studies showed 
that PE can be easly mineralized in nature. 
Prospect 
Sequencing of enzymes leads to the clarification of the 
homology and the origin of genes and their regulatory 
sequence. Expressed genes result in the better yield 
and the simpler purification of enzymes. which enable 
the three dimensional analysis and detailed characteri-
zation of enzymes. Relationship between protein 
structure and enzymatic function should be clarified 
by protein engineering. Response of the outer bacteri-
al membrane to the environmental stress wi1l be stud-
ied for the better understanding of its physiological 
role in the biodegradation of xenobiotics. The sugar 
content of α-glucosidase of Mucor javanicus decreased 
when grown with an inhibitor for biosynthesis of 
sugar chains included in glycoproteins. The roles of 
sugar chains in the stability of the enzyme remain to 
be studied. 














UhI7.o日1白nindisease of sugar beet caused by beet necrotic 










Beel necrotic yellow vein virusのウイルス粒子








Beet necrotic yellow vein virusの遺伝子構造









Beet necrotic yellow vein virusを媒介する土嬢菌Polymyra
be臼e休眠胞子
Resting spores of Polymyxa betae， vector of beet necrotic 












TuJip breaking virusによるチュウリ 7プのモザイク病














BrevipaJpus caJifornicus， vector of orchid fleck virus. 
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Orchid fleck virusのウイルス粒子






































Most major crops are damaged by the diseases which 
are caused by plant pathogens such as viruses. bacte-
ria and fungi. This Laboratory is undertaking studies 
on the viruses in agricultural and horticultural crops. 
Major research programs are focused on molecular 
biology of beet necrotic yellow vein virus which caus-
es rhizomania of sugar beet. Research also includes 
characterization and diagnosis of viruses of ornamen-
tal plants. 
1. Molecular biology of beet necrotic yellow vein virus 
Beet necrotic yellow vein virus (BNYVV) is transmit-
ted by the soil-borne fungus Polymyxa betae and has 
been widely spread in the sugar beet growing area in 
the world. The following results were obtained: The 
complete nucleotide sequences of five RNA genomes 
(RNAs 1.2.3.4.5) of the Japanese BNYVV isolate were 
determined (2. 3). Tests with isolates containing com-
binations of deletion mutants of RNAs 3. 4 and 5 
showed that RNA 3 and 5 isinvolved in symptom 
expression. The 25 kDa protein encoded by RNA 3 is
responsible for rhizomania of sugar beet (42). When 
RNA 5. encoding the 26 kDa protein. was present. the 
root symptoms were more intense. RNA 5 causes 
scab-like symptoms in roots (4). The coat protein is 
encoded by the 5' proximal ORF of RNA 2. and the 
terminal codon of this ORF can be suppressed， which 
results in the production of a 75 kDa readthrough 
(RT) protein. Mutagenic analysis revealed that a 
region within the N-terminal half of the RT domain is 
involved in virus assembly. whereas the C-terminal 
protein contains sequences important for fungus trans-
mission (1.5). Alanine scanning mutagenesis of the C-
terminal region showed a KTER motif to be important 
for fungus transmission (1. 5). Nucleotide sequences of 
RNA 5 of 25 BNYVV isolates in Japan. China and 
France were compared (40). There are up to 8% 
sequence differences and RNA 5 variants fal into 
three groups. and group 1 isolates fal further into 
three clusters. The results suggest evolution of RN A 
5 and the route of spread of BNYVV into Japan (40). 
2. Genome organization and transmission of orchid 
fleck virus 
Orchid fleck virus (OFV) consists of non-enveloped 
and bacilliform particles which are similar to 
Rhabdoviruses (7. 1). Complete nucleotide sequence 
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of OFV genome indicates that OFV is a unique virus 
in having a bipartite genome (two single-stranded 
RNA)(presented in 1CPP 98). We also found that 
OFV is transmitted by the mite BrevIpaJpus californI-
cus (presented in 1CPP 98). 
3. Characterization of viruses of ornamental plants (6. 
7. 8. 9. 13. 15. 24. 25. 32. 39). 
Host range. biological and serological properties and 3' 
terminal nucleotide sequence (including coat protein) 
on five Potyviruses isolated from orchids were exam-
ined. Four viruses of them were identified as new 
species and reported as Calanthe mild mosaic (33). 
Dendrobium mosaic. Dendrobium severe mosaic and 
Habenaria mosaic viruses. The other was a strain of 
Watermelon mosaic virus 2 (23). A virus isolated 
from lily was identified as a new species of the 
Carlavirus. 
4. Genetic transformation in Xanthomonas 
Some strains of two xanthomonad species. which 
cause bacterial blight of rice and bacterial rot of cruci-
fiers. develop competence naturally on minimal agar 
and transformed with heterospecific DNAs from other 
xanthomonads. Mechanisms of the phenomenon are 
our current concern. 
Future studies 
We have obtained some new evidence on biological 
properties. genome structure. genome functions of 
plant viruses: BNYVV. OFV and several ornamental 
viruses. 1n future. we wil continue to study important 
mechanisms of the interaction between viruses and 
plants. as well as between viruses and their vectors. 
To elucidate the resistance mechanism for reducing 
the damage of plants by viruses. we want to focus on 
the molecular interaction between viral and host 
genes involved in the pathogenicity and resistance of 
BNYVV. We訂 estudying the structure and function 
of OFV genome and mechanism of mite transmission. 























Bior~mediation and bioprevention for water pollution by 
using of plants. 
1.水圏生態系における有害化学物質の運命に関する



























I 20ωngl訓叫江応fLofMl 1 
瀬戸内海港湾の海水中の溶存態lrgarol1051およびその分解
産物M1i康度
Spatial distribution of lrgarol 1051 and its degradation 

















































Changes in concentration of anion surface-active agents in 


































Laboratory 01 Ecological Chemistry and Analysis 
In addition to various global environmental convul-
sions which have been international political matters 
of concern in the recent decade. new environmental 
pollution by endocrine-disrupting chemicals has 
become a big international problem. These chemicals 
are generally known as "environmental horrnones" and 
may hazardously affect al forms of life including 
human beings. 
The aim of our laboratory is to serve for advancement 
of bioresource sciences. which wi1l contribute to the 
welfare and health of mankind. through analysis of 
chemical and physical e佐ctson and information from 
ecosystems. The recent research programs of our lab-
oratory are as follows. 
1. Study on the fate of toxic chemicals in aquatic envi-
ronments. (1. 3. 4. 23. 32) 
The various chemicals with domestic and industrial 
origins from human activities are finally released into 
the oceans through rivers and channels. The freshwa-
ter is utilized as irrigation for agriculture and as our 
drinking water. Our laboratory has been dealing with 
pesticides. heavy metals. surface-active agents. nutri-
ents. and the other industrial chemicals as target com-
pounds of researches. The compounds released into 
the aquatic environment will suffer physical. chemical. 
and biological actions in the ecosystem. They wil be 
re-distributed in the compartments among water. sus-
pended solids. sediments. and organisms due to the 
mechanisms such as adsorption. desorption. photo-and 
bio-degradation. and physical and bio-chemical trans-
formation. For example. according to our investiga-
tions. the results of residue analysis of seawaters in 
the Seto Inland Sea revealed that the new antifouling 
compound Irgaro11051 was used as ship bottom paint. 
As the first report on Irgaro11051 pollution in Japan. 
we published these results. and indicated the possibili-
ty that a serious problem would be caused by this 
new type of sea water pollution in the near future. 
2. Study on the evaluation of ecotoxicity by toxic 
chemicals. (5. 7. 10. 13. 14. 17.21.幻.24.28.37)
The bioassay using ecological relevant species such as 
bacteria. yeast. phytoplankton. zooplankton. and higher 
plants has been performed to assess the ecotoxicity of 
the toxic chemicals as well as the polluted environ-
mental samples. A novel approach using Daphnia 
mobility analysis with a CCD camera was successfully 
36 
developed for the toxicity assessment of pol1uted 
water as well as toxic chemicals. The new method 
revealed higher sensitivity and rapidity compared 
with the conventional method using Daphnia. A bat-
tery of bioassay found that both Irgarol 1051 and its 
degradation product had severe toxic effects on the 
phytoplankton and moderate toxicity on crustaceans. 
The histological observation using an electron micr。
scope revealed that the aluminum used as a coagulant 
in water treatment caused brain disorders in自由.
3. Study on restoration of contaminated environment 
by bioremediation/bioprevention. 
It is very dificult to restore the environment once it 
has been contaminated by persistent contaminants 
and takes a long-time and huge cost for restoration. 
We are focusing on the environmental restoration 
using higher plants and microorganisms. 
3・1.Restoration of eutrophicated aquatic zone using 
higher plants (29) 
Plants are grown by absorbing nutrients such as nitro-
gen and phosphorus in the eutrophicated waters. We 
tried to purify the water polluted by nitrogen and 
phosphorus using water hyacinth and Cyperus and we 
obtained good results for purifying the contaminated 
water. A new trial using some species of paddy rice 
has been started as a joint research with the Chinese 
Rice Research Institute since 1995. 
Absorption of nitrogen and phosphorus by the rice 
plants cultivated on the contaminated water surface 
wil be evaluated. and the effects of the heavy metals 
such as cadmium and mercury on the germination I 
growth of the plants as well as on the nutrient absorp-
tion wi1l be investigated. 
3・2.Study on the characteristics of degradation of 
dioxins by the Basidiomycete Phanerochaete crysosp。
rium and effect of factors on biodegradation (13. 30. 31) 
Dioxins are mainly released from garbage incinerators 
in to the atmosphere and are well known as the most 
toxic and endocrine-disrupting chemicals. In this 
research. we tried to degrade dioxins in the soils using 
wood rotting fungi. We investigated the effects of 
heavy metals present in soils on the growth of the 
fungi. We found that cadmium. copper. and chromium 
clearly inhibited the fungal growth. and zinc showed a 



























































Yield of rice in Okayama has negative correlation to dura-




























Depletion of photosynthetic rate by fl∞ding was amplified 
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The dependence of C02 transfer conductance (gi) on leaf 
anatomical characteristics: (a) leaf dry mass per area 
(LMA) : (b) mesophyJl thickness: (c) volume ratio of inter-
ceJlular air spaces to the whole mesophyJl (porosity) ; (d) 
surface area of mesophyll cels exposed to intercellular air 
spaces per unit leaf area (Smeo) • 
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Laboratory 01 Environment and Ecological Adaptation 
Our research activities are on the meteorological envi-
ronment of plants and on the plant's response to these 
environmental factors. We aim to analyze the phe-
nomenon of weatherability and adaptation of plants. 
1. Sttldies on plant response to wetting by rainfal. 
Wettlng by rainfall causes several effects on plant 
physI<>logical responses. We have used isogenic barley 
lines with different leaf wax content to examine the 
effect of rainfall on leaf wettability. In the line with a 
low wax content， the contact angel of water drops on 
the leaf surface is smaller. the water retention is more 
prolohged. and the reduction rate of the epicuticular 
wax amount by exposure to rainfall is higher. 
2. Cr~p production and precipitation 
Crop production is affected by raiぱall.We have ana-
lyzeq the relationship between crop production and 
seveIlal ciimatic factors. The crop situation index of 
barlety in Okayama had a high negative correlation to 
the precipitation amount on pre・harvestingperiod. 
High negative correlations was obtained between the 
crop situation index of rice yield and precipitation 
amOltnt and days of rainfal in the period of maturity. 
3. Studies on phyotosynthesis and transpiration of 
plant under flooding 
Fl∞ding damage crop production. We examined pho-
tosynthesis and transpiration response of soybean and 
barl町 underflooding to examine the effects of f1∞d-
ing on growth. Prolonged flooding rapidly decreases 
the rate of photosynthesis in both crops. Barley was 
mor~ sensitive than soybean. 
4. O~8ervation of acid rain and plant injury 
We ijave been continuing a measurement of rain acidi-
ty since 1972. Effects of simulated acid rain on visible 
injury in leaf and petal of plants were observed. 
ExpQsure of acid solution under pH 2.5 caused leaf 
injUJ!Y. Acid solution of pH2.0-4.5 caused injury of 
petall>. Dark倒coloredpetals were more sensitive than 
bright-colored ones. 
5. T~e relations between C02 transfer conductance 
and leaf anatomical. physiological characteristics 
The C02 transfer conductance inside leaves is one of 
the most important factors that affect the leaf assimila-
tion rate. However. few researches have been done 
about the C02 transfer conductance because of the 
technical difficulties of the measuremen t. We have 
constructed a on-line system to measure the C02 
transfer conductance. and investigate the relations 
between C02 transfer conductance and leaf character-
istics such as shade tolerance and age of the leaves. 
Future perspectives: 
Our research project wil be as follows: 
1. Analysis on after-effects of rainfall on photosynthesis 
rate of bean leaves. 
2. Anatomical analysis of rainfall-injured leaf. 
3. Development of remote sensing method for wet 
damaged leaves. 
4. Mechanism of flooding damage and seed germina-
tion under a low oxygen condition. 
5. Measurement of C02 transfer conductance inside 
leaves of various plants. 
These studies are expected to provide the important 
results to estimate the plant's response to global ci-
mate changes in the near future. 
入
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ギとコムギの交雑不和合性(13，26、28，29， 30， 42， 45)、
野生種のゲノム構成(48，49)などの研究を進めている。
2.オオムギの各種ストレス耐性に関する研究
最近の中心的研究課題であり、耐塩性(6，14， 16， 17， 























Location gf QTL for deep哨 edingtolerance (DT)， coleoptile 
length (CO) and first internode length (FI) 1.000 kernels 
weight (KW) in the crosses Harrington X TR306 (H/T， left) 
and Stepωe X Morex (S/M. right). _ 
Bold characters indicate the QTL of ~ LOD score 5.0. 


































Family (科) 247 21 7 
Species(種) 5， 997 4， 530 












「雑草とはなにかJということについてまとめ(1， 2， 3， 




かにするとともに(15，18， 20， 22， 25， 28， 37， 38)、最近増
加している輸入穀類に混入している雑草の種類を明ら
かにした(10，11， 18， 20， 38)。




27， 34， 35， 36， 39)。
5.岡山県の水草に関する研究
岡山県内の水草の種類と分布地、生育環境などを明












Laboratoη01 Barley and Wild P!ant Resources 
This center was established in 1997 by combining the 
barley germplasm center and the unit for wild plant 
research. As a unique Asian center of barley and wild 
plant collection， we preserve a huge number of seed 
samples and herbarium specimen of barley and wild 
plants for the development and characterization of 
new genetic resources， and phylogenetic studies of the 
plants. Detailed activities are as follows: 
A. Barley 
Using ca. 10，0∞barley accessions including ca. 8，∞o 
landraces， mutants and wild relatives， we are studying 
the phylogeny and stress tolerance of barley. 
l. Phylogeny of barley 
We are studying the dissemination of barley based on 
the distribution of major genes (1， 2). We are also 
analyzing the crossability between barley and wheat 
(13， 26， 28， 29， 30， 42， 45)， and genomic composition of 
the wild relatives (48， 49). 
2. Genetic analysis of stress tolerance 
This is the main theme of the laboratory and many 
reports have been presented on salt tolerance (6， 14， 
16， 17， 18，41)， deep-seeding tolerance (46，47)， flooding 
tolerance， and disease resistance etc. (3， 10， 22， 24， 33). 
3. QTL analysis of the agronomically important charac-
ters 
1n relation with the genetics of stress tolerance， we 
are promoting the QTL analysis of agronomically 
important genes using doubled haploid lines with mol-
ecular markers (5， 9， 10， 16， 21， 33， 39). 
4. Polymorphism of s-amylase 
A cooperative study with Plant Bioeng. Res. Lab.， 
Sapporo Brew. Ltd. revealed the following. The ther-
mostability of s-amylase can be grouped into three 
types A (high)， B (medium) and C (low). These type 
show a clear geographic cline in the world. We found 
a s-amylase-Iess mutant of barley. 
5. Collection and distribution of genetic resources and 
database release 
We are working on the collection of barley accessions. 
During 1994・1998，3，177 accessions were introduced 
and were evaluated for distribution. We distributed 
9，935 accessions at the same time to contribute to the 
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world barley research network. We are also working 
as the Asian Center of Barley Core Collection (23). 
The barley germplasm database is released on the 
1nternet with a search engine. 
B. Wild plants 
The laboratory preserves ca. 40，000 plants and 20，0∞ 
seed samples for the taxonomic study of wild plants. 
Preserving living seeds of wild plants is a unique 
activity of this laboratory. As a ]apanese wild plant 
research center we are contributing to the taxonomy 
and other aspects. 
Prospects 
Bio-diversity and genetic resources are important sub-
jects of the center. We wil be continuously expanding 
and developing this field. A comprehensive barley 
genome analysis including a DN A chip system and a 
genome wide library is being planned. 
We only have one staf working in the wild plant lab. 
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Relation between annual mean air temperature at the 
places of origin of barley cultivars and temperature devia-









Me$urement of response of plant ωenvironmental stress 




















































































Time variation of water vapor (Vp) at the bottom of 
Rasyomon doline in the closed period (ー)and in the 



























0 30 25 20 1S 10 5 
s 
ニンジン懸濁培養細胞から培地中に分泌される細胞外蛋白質。 (A)正常細胞(口)とカルシウム欠乏細胞(・}から分泌される蛋白質の
経時変化。 (B)20日間の培養にて分泌された蛋白質のSDS電気泳動。 1正常細胞、 2.カルシウム欠乏細胞、 3，標準蛋白質
Changes in extracelluJar protein secreted from suspension.cuJtured caηot ceJls. (A)， ExtracelluJar protein from ceJls into the 
medium under normaJ (口)and caJcium.deficient (+) conditions during the ceJl cuJture. (B)， SDS:PAGE of equaJ amouns of 
protei~ from 2O'day cuJture medium. Lanes 1 and 2 represent protein from controJ and caJcium-deprived cels. reprectiveJy. 
Lane 3 contains moJecuJar mass standards. 
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Lahoratory 0/ Environmental Stres 
Plants always experience a great variety of stresses 
tending to restrict their chances of development and 
surviva1 under the changing environmental conditions. 
In this laboratory， the characteristics of physical and 
chemical stresses and plant responses to them are 
studied at various levels from ecosystems to individu-
als， cels and molecules. 
Current research themes are; 
1. Studies on photosynthesis and transpiration of plant 
leaves under stress conditions. 
The rates of photosynthesis and transpiration of plant 
leaves such as bar1ey， wheat and rice were measured 
under various conditions， especially stress conditions， 
with open system porometers. Local varieties of 
wheat such as Hongmaimai， found in Loess plateau of 
China， are known to possess various mechanisms for 
avoidance of drought stress. The rates of photosyn-
thesis and transpiration and morphologica1 properties 
such as chlorophyll contents were studied for different 
species of these varieties grown under di丘erentsoil 
water conditions. Hongmaimai had large photosyn-
thetic rate and small transpiration ability under dry 
soil conditions. These findings confirm that this vari-
ety has a prominent drought stress tolerance (4). 
2. Studies on interaction between vegetation and 
atmosphere under stress conditions. 
To study the interaction between vegetation and 
atmosphere under stress conditions， simultaneous mea-
surements of turbulent fluxes of sensible heat， water 
vapor and carbon dioxide were made within and 
above rice plant canopies (17). The diurnal variation 
of turbulent fluxes changed slightly before and after 
the irrigation， but standard deviations of carbon diox-
ide were high at night over drained soil. Simultaneous 
measurements of canopy surface temperature， photo-
synthesis and transpiration rates and turbulent fluxes 
illustrated that plant canopies responded to intermit-
tent radiation caused by passing c1ouds. 
3. Studies on protection and preservation of wi1d 
plants in Rasyomon doline. 
Micrometeorologica1 factors and physiological factors 
of wi1d plants were measured in Rasyomon doline. 
The bottom in the depression was characterized by 
daytime summer temperatures below about 15' C.
Throughout warm seas.ons， a very stable thermal 
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layer was formed in the doline and it maintained a 
perhumid c1imate， which is an environment favored by 
mosses (10). Most of the plants growing at the bot-
tom of the doline had physiological characteristics of 
shade plant， adopting to the specific environment of 
doline. To c1arify how the air flOW from the cave 
related to the drying in the doline， we artificially 
c10sed the narrowest section of the cave in the sum-
mer of 1997 and 1998. Air temperature and soi1 tem-
perature were higher by 3-4' C in the c10sed period 
than in the opened period of cave. However， water 
vapor increased by 4-5 hPa in the closed period than 
in the opened period. The C02 concentration was 
about 700 ppm in the opened period and increased to 
the high levels above 1000 ppm in the c10sed period of 
the cave. These results demonstrate quantitatively 
that the strengthened air with a cool but dehumified 
air was closely related to drying of the doline (15). 
The c10sure of the cave also induced a signi五cantrise 
of C02 concentration at the bottom of the doline， which 
was an environment favorable for moss growth. 
Considering these results， we are now planning to 
reduce the air flow through the cave to prevent the 
cave from drying and to renew the moss forest. 
4. Biochemical ana1yses of plant response to the chang-
ing environmenta1 conditions 
Ca1cium is an essential nutrient for plant growth and 
plays a crucial role in regulating many physiological 
functions. To elucidate the role of calcium for cel 
growth， suspension-cultured carrot cells have been 
grown in a calcium-deficient liquid medium. Cell 
growth was c1early limited in response to ca1cium defi-
ciency. Pectic fractions extracted from cell walls 
appeared in simi1ar amounts in control and ca1cium-
deprived cels. Ana1ysis of carbohydrate composition 
revealed that calcium deprivation caused a substantial 
reduction in galacturonic acid in pectic fractions of cel 
wal1s. Calcium-deprived cells also released higher 
amounts of protein， containing many glycan-hydrolytic 
enzymes， and extracellular ga1acturonic acid-rich poly-
saccharides into the growth medium (14). The intra-
cellular glycan-hydrolytic enzymes found in calcium-
deprived cels are currently being characterized. 
5. Characteristics of wild plants surviving in copper-
rich environments 
The gregarious mosses such as Atrichum undulatum. 
Pohlia bulbifera and Scopelophila ca臼rac臼ehave been 
found in the areas of heavy metals pollution resulting 
from the popular building materials. Since a large 
amount of copper and zinc affects on the growth of 
plants in the environments. the characteristics of 
mosses growing on metal polluted areas are helpful in 
studying the mechanism of metal tolerance. It is 
known that the mosses accumulated these metals in 
the region of cel walls. but the structure and metabo-
lism of cel walls remain obscure. Thus the metabo-
lism of cel walls of Scopelophila growing on copper-
rich medium is being studied. 
Prospects 
To increase the food production and to produce stress 
tolerant plants. physical and chemical characteristics 
of plants growing under the various environmental 
stresses expected in the coming 21th century wil be 
investigated at various levels from ecosystems. individ-
uals. cels to molecules. We wil also study the plant 
response to environmental stresses to protect and pre-
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Achievements of the No此hAmerican Barley Genome Mapping Project and Future Directions 
Patrick Hayes 
Coordinator. NABGMP 
Dept. of Crop and Soil Science 
Oregon State University 
Corvalis. OR 97331 USA 
http:llwww瓜 s.orst.edu/barleyInabgmp/nabgmp.htm 
The NABGMP is a multi-institutional. multi-disciplinary project that applies contemporary genetics tools to barley 
impr<l>vement. The long-term goal of the NABGMP is to identify. characterize. and manipulate genes of economic 
impottance to b町 leyproducers. proces叩 rs.and consumers. In the broadest sense. the NABGMP is an international 
∞ns~rtium of barley researchers. Strictly speaking. the NABGMP consists of ∞mplementary groups in the U.S. and 
CanaOa (http://gnome.agrenv.mcgill.ca/nabgmp/cnabgmp.htm). The components of the U.S. and Canadian partner-
ship have separate funding sources. The benefit of the NABGMP to the U.S. wil be a profitable and competitive bar-
ley iI).dus廿y.More broadly. the NABGMP wil generate genetic information that can be used by al researchers for 
the improvement of barley and other cereal crops. 
The focus of the NABGMP is on the quality and productivity of barley. Barley has unique quality attributes for malt-
ing and brewing. as an animal feed. and as a human f，∞d. Improvements in qua1ity can only be achieved by under-
stancting the underlying processes. Our long-term objective in the quality arena is to completely characterize the 
genes and pathways determining carbohydrate deposition and hydrolysis. Crop productivity can be enhanced by 
simultaneously increasing yield potential and removing yield constraints. Our long-term objective in this area is to 
completely describe the pathways leading to plant growth and development (yield potential) and abiotic/biotic stress 
resistance (yield constraints). 
Our ~oal is to use the t∞Is of contemporary genomics to enhance the profitability and sustainability of barley pro-
duction. The measure of success wil be the products of genomics translated into barley varieties. In order to accom-
plish this integration and translation. the NABGMP supports multi-institutional. collaborative research. The following 
sumrpary provides a general picture of NABGMP initiatives. For additional detail. please refer to current work plans 
and progress reports posted at the NABGMP web site. 
Stru(ftural genomics 
The key reference mapping populations are Steptoe x Morex. Harrington x Morex. and Harrington x TR・306.
PheJlotype and genotype data on these. and other. map populations are available via GrainGenes 
(http:/ Iwheat.pw.usda.gov1) and the NABGMP web site. These genetic reference populations. together with the 
BinM:ap (http:llbarleygenomics.wsu.edu1) provide researchers with a range of markers (ranging from NEPs to 
SNP$) defining each barley chromosome. Our strategy for focusing on the gene-rich regions of the barley genome 
wil be to capitalize on the Morex BAC library. developed in the first phase of this project. and the gene-rich regions 
revealed by Kuenzel et al. (http:/wheat.pw.usdagov/ ggpageslBarley _physical/) . 
Functional genomics 
Expressed Sequence T.去gs:Our strategy is focused on sequencing the genes that make barley unique and different 
from other crop plants. We are targeting unique tissues. processes. developmental stages. and plant responses 
(httかIlwww.css.orst.edu/barley/BREEDING/ESTproj.htm1).
Gene expression: Our strategy wil be to develop microarray-based tools to monitor the expression of genes in tar-
geted gene-rich regions. A multi-investigator proposal to the NSF is pending. 
75 
Gene discovery: We wil use the barley transposon tagging system developed in the first phase of this project for 
"reverse" genetic strategies aimed at gene discovery and functional characterization. 
Genetic stocks 
Mapping populations and genetic resources: We continue to expand our catalog of genetic stocks -mapping popula-
tions. near-isogenic lines. and recombinant chromosome substitution lines (RCSLs). We are currently focusing on 
RCSLs developed using a selected set of Hordeum vulgare subsp. spon臼neumaccessions as donor parents and 
Harrington as a recurrent parent. We are also developing large mapping populations for optimizing QTL detection. 
Coupled with new functional and structural genomics tols. these stocks will facilitate gene discovery. mapping. 
description of pathways. and conversion of genomic information into varieties. We will capitalize on the extensive 
genetic resources (over 9∞mutants and 30.000 accessions) available in barley to identify novel aleles. 
Applications 
We target the application of genomics tools to variety development by directly supporting integrated variety devel-
opment efforts addressing barley quality and productivity. Key areas requiring immediate attention are disease 
resistance. specifically Fusarium Head Blight in the Midwest and barley stripe rust in the West. We have mapped 
genetic determinants of a spectrum of qualitatively and quantitatively inherited phenotypes that determine the quali-
ty and productivity of barley. 
Bioinformatics 
We are expanding and improving our data collection. management， distribution. and analysis procedures and directly 
integrating these with national and international efforts. such as the GrainGenes network. 
Education 
We support activities that heighten public awareness and appreciation of agricultural genomics. germplasm conser-
vation. and variety development eforts. For example. the Oregon Wolfe Barleys (http://www.css.orst.edu/barl-
ey/wolfebar/wolfnew.htm) are used throughout the world for genetics instruction and research. 
Linkages 
Our mapping populations. and supporting data. are key resources for international public and private sector mapping 
and gene isolation e妊orts.Collaborative international partnerships are of key Importance. including those established 
with the Barley Germplasm Center at the Research Institute for Bioresources. Okayama University; European Union 










































































(受精から成虫まで)のまるごとの試料を対象にmRNAの存在を調べる方法 (wholemount in situハイプリダイゼーショ
































(Summary of the accounts) 
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